Candida utilis has been shown to contain 4.7 pmol of cobalamin per g of wet cell paste. Purification of the cobalamin showed it to be a mixture of methylcobalamin and adenosylcobalamin. Two cobalamin-dependent enzyme systems have been found in the yeast: methylcobalamin-dependent methionine biosynthesis and leucine 2,3-aminomutase. The cobalamin extracted from the yeast is as effective as authentic adenosylcobalamin in stimulating leucine 2,3-aminomutase.
Early attempts to assay yeast for vitarmin B12 activity generally found little or no activity (17) . Many of these assays were based on the growth rate of chicks or rat pups. Later surveys of nutritional sources made with microbiological assays employing Lactobacillus leichmanii, Euglena gracilis, and Ochromonas malhamensis and the like seem to have avoided examining the yeasts on the basis of the earlier reports. Halbrook et al. (6) reported that among the organisms that were found to contribute to the B12 content of poultry house litter and droppings were several types of bacteria and yeasts and molds. The nature of the yeasts was not established, and evidence was alluded to that suggested that yeasts and molds play only a minor role in the production of B12 in such materials.
Indeed, it has long been a tenet of biology that cobalamins and related corrins are found only in bacteria and animals and that, since animals cannot synthesize corrins, bacteria are the ultimate source of all metabolically active corrmns. Plants and yeasts were believed to be devoid of any B12 congeners. Recently these ideas have been challenged by the discovery that a variety of plants contain cobalamin-dependent enzymes (14, 15) . Because these enzymes were endogenous to the plants themselves and were not the result of bacterial contamination, it must be concluded that the plants also possessed endogenous corrin compounds.
During a study of some of these plant corrins, extracts of the yeast Candida utilis were examined for corrin compounds. This organism was chosen because it, unlike some other yeasts, is able to grow on media unsupplemented with vitamins; any corrins and corrin-dependent enzymes it possesses must arise from de novo synthesis. This paper details the existence of such corrins and corrin-dependent reactions in the yeast, thereby demonstrating that yeasts are not unique in their metabolism, but also synthesize and utilize corrins.
MATERLS AND METHODS
C. utilis NCYC was grown in a medium containing 8 Bioautography of cobalamin. Samples of various preparations were examined for cobalamin content by using the procedure of Linnell (9, 10) and Nex0 (11, 12) , in which separations were made by thin-layer chromatography and the corrin spots were visualized by bringing the thin-layer plate into contact with agar seeded with Escherichia coli NCIB 9270 (ATCC 14169). This cobalamin-dependent strain grew only in the presence of cobalamins and caused the reduction of tetrazolium red included in the agar. Growth due to as little as 5 fmol of cobalamin could easily be detected.
All manipulations involving authentic or putative corrin compounds were done in dim light to avoid photo-catalyzed decomposition. The exception to this was the assay with the Phadebas kit, which converts all the corrins to their cyanide forms that are not particularly light sensitive.
Preparation of cell extracts. (18, 19 Extraction of corrin material from yeast. Frozen cell paste (100 g) was thawed in 400 ml of absolute ethanol and heated at 70°C for 60 min. The cells were filtered, and the clear yellow filtrate was concentrated under vacuum on a rotary evaporator. A gummy brown precipitate formed as the alcohol was removed. The precipitate was extracted with about 10 ml of water, and the resulting solution was passed through a small column (5 by 30 mm) of Amberlite XAD-2 (60/100 dry mesh) prepared according to the method of Fenton and Rosenberg (4). The column was washed with about 10 ml of acetic acid-water (1:100), and the effluent and wash were discarded. The column was then eluted with methanol-water-acetic acid (50:50:1).
RESULTS
Direct measurement of corrin. When a crude cell extract of C. utilis was examined with the Phadebas test kit, it was treated in the same fashion as though it were blood serum (for which the kit was designed) in that it was heated in glutamate buffer (pH 3.3) containing 0.002% potassium cyanide for about 15 of the Phadebas test kit in the same fashion as the non-radiolabeled corrin and exhibited the same isotope dilution as that seen with authentic cobalamin. Autoradiograms of the radioactive corrin were unsuccessful because of the low yield of the corrin in the extract coupled with the low specific radioactivity. Cochromatography with authentic cobalamin and with unlabeled yeast corrin showed normal chromatography on bioautograms.
Leucine 2,3-aminomutase. Table 1 shows the results of the assay of cell extracts of C. utilis for leucine 2,3-aminomutase activity. In experiment 1, there was some endogenous activity which clearly responded to the addition of the substrate 81-leucine. The activity, however, was greatly stimulated by the addition of exogenous B12 coenzyme. Moreover, as is shown in experiment 2, the addition of corrin extracted from yeast stimulates the leucine 2,3-aminomutase of yeast in the same pattern as authentic adenosylcobalamin.
Methionine biosynthesis. When radiolabeled methylcobalamin and homocysteine were incubated with cell extracts of C. utilis, label was recovered in the amino acid fraction. This incorporation was proportional to homocysteine concentration (Fig. 2) . Because the radiolabel was in the methyl group of the methylcobalamin, it is reasonable to conclude that the product of the incorporation was the methylated homocysteine, i.e., methionine. Evidence consistent with such an interpretation was provided by thin-layer chromatography of the amino acid fraction. The radiolabel in each of the samples migrated with the same Rf (0.43) as that of authentic methionine.
DISCUSSION
The chromatographic evidence indicates that the corrin in C. utilis is cobalamin in its methyl and adenosyl forms. This is clearly consistent with the binding seen in the isotope dilution experiments with the Phadebas test kit, whether VOL. 140, 1979 on August 27, 2017 by guest http://jb.asm.org/ Downloaded from the immobilized binder is intrinsic factor, as indicated by the manufacturer, or a binder of broader corrinoid specificity, as suggested by Kolhouse et al. (8) . Intrinsic factor is the cobalamin-specific mucoprotein produced in mammalian stomachs with which cobalamin must bind before it can be absorbed in the lower small intestine. The competition for binding to the Sephadex-intrinsic factor complex between authentic cobalamin and the corrin from the yeast is exactly the sort one would predict for cobalamin.
The detection of methylcobalamin on the bioautograph suggested that the methylcobalamin-dependent pathway ofmethionine synthesis might be a normal pathway for C. utilis. Accordingly, since ["4CH3]methylcobalamin was shown to give rise to a labeled amino acid when incubated with extracts and homocysteine, it is reasonable to conclude that this pathway of methionine biosynthesis is operative in C. utilis.
The other cobalamin-dependent enzyme found, leucine 2,3-aminomutase (EC 5.4.3.--), seems to be an enzymic activity that is very widespread in nature. It has been found in bacteria (13), mammals (13) , plants (14, 15) , and now yeast. In bacteria this enzyme seems to have a role in the catabolism of a-leucine. Whether this is so in animals and plants is not certain. Whether catabolic, anabolic, or amphibolic, however, its role must be important for the activity to be so widely dispersed in nature.
The value of 4.7 pmol of corrin per g of packed cell paste is not a trivial amount. Liver is recognized as probably the best source of dietary cobalamin, and such values as 33 pmol/g of moist rat liver (2), 64 pmol/g of moist chicken liver (2) , and 222 pmol/g of moist bovine liver (16) 
